Forty years have passed since the electret condenser microphone (ECM) was first commercialized [1, 2] . In our last study, sensitivity change was measured using a sample preserved for 18 years in a laboratory, and the operational life of the ECM was deduced from the results [3] . Ten years have passed; the ECM has now been preserved for 28 years in the laboratory. The early preservation sample and a reliability test sample were analyzed, and the sensitivity change was investigated.
Introduction
Forty years have passed since the electret condenser microphone (ECM) was first commercialized [1, 2] . In our last study, sensitivity change was measured using a sample preserved for 18 years in a laboratory, and the operational life of the ECM was deduced from the results [3] . Ten years have passed; the ECM has now been preserved for 28 years in the laboratory. The early preservation sample and a reliability test sample were analyzed, and the sensitivity change was investigated.
Furthermore, an ECM was built in an outdoor interphone, and the sensitivity of the ECM was measured after a long period of use. From this result, we investigated the sensitivity changes in an ECM exposed to outdoor temperatures, ultraviolet rays, and rain.
The results were compared with the measurements of an ECM preserved in a laboratory environment for a long time, and the operational life of the ECM was deduced. In this study, we used diaphragm electret ECMs and estimated the total sensitivity change due to the deterioration with age of the electret and the tension change in the film. The results obtained here were compared with the evaluation result of a heat-acceleration test for verification.
2. Method 2.1. Specimens 1) ECM sample preserved in a laboratory for 28 years.
1-1) ECMs that were manufactured in 1977 and were sorted into four categories according to sensitivity:
. Each sample consisted of 10 ECMs. 1-2) ECMs that were manufactured in 1976, and upon which environmental tests of 1,000-hours duration were conducted. The environmental tests were a high-temperature test (70 degrees centigrade) and a humidity test (60 degrees centigrade and 95% humidity). Each sample consisted of 10 ECMs. 2) Interphone samples in long-term use The models were specified by product number and category, and the mean sensitivity of the ECMs was À38 dB.
2-1) Long-term-use sample for 13 years (6 ECMs) 2-2) Long-term-use sample for 29 years (1 ECM)
3. Result 1-1) Sample preserved in laboratory Figure 1 indicates the average sensitivity change of 10 ECMs and the 95% confidence interval. Although sensitivity increased slightly in all categories compared with the data from 10 years earlier, it hardly changed from the initial center value of AE1 dB.
The measurement data indicated fluctuating sensitivity. However, because all data had the same tendency, this was assumed to be the result of a systemic error in the measuring instrument or changing conditions, rather than a specific ECM sensitivity change.
1-2) Sample preserved in laboratory after environmental tests Figure 2 depicts the average sensitivity change of the 10 ECMs that were preserved in the laboratory after a humidity test (60 C, 90%, 1,000 hours) and the 95% confidence interval. In the previous study, it was reported that sensitivity decreased by À1:5 dB after the humidity test and recovered to À0:1 dB in 18 years. Although the sensitivity had decreased slightly compared with the last measured value, it was almost the same as the initial value. Figure 3 presents the average sensitivity change of the 10 ECMs that were preserved in the laboratory after a high- Ã e-mail: yasuno.yoshinobu@kk.jp.panasonic.com temperature test (70 C, 1,000 hours) and the 95% confidence interval. In the previous study, it was reported that sensitivity decreased by À2:0 dB after the high-temperature test and recovered to À0:5 dB in 18 years. Although the sensitivity had decreased slightly compared with the last measured value, it was almost the same as the initial value in 1976.
1-3) Outdoor interphone ECMs in practical long-term use An outdoor interphone was used for 29 years. This interphone is depicted in Fig. 4 , and its interior is illustrated in Fig. 5 . The ECM was fixed with a rubber holder, and the acoustic hole was covered with a thin transparent film to block air and moisture. Figure 6 depicts the ECM with the rubber holder and the ECM unit itself, used in the same environment for 13 years. Figure 7 shows the plots for the time of use against sensitivity of ECMs. The sensitivity of the ECM interphone was À38 dB AE 2 dB. Thus, the sensitivity of the six ECMs used for 13 years hardly changed, and was rated as À38 dB AE 1:5 dB. The sensitivity of the ECM used for 29 years was À41:3 dB, as shown in Fig. 7 . The original sensitivity of this ECM was rated as À38 dB AE 2 dB. If this was the center value, the result indicates a decrease in 3 dB.
Discussion
(1) The sensitivity of ECM preserved in the laboratory for 28 years hardly changed. In the previous study, it was reported that the mean sensitivity change was À0:3 dB for the samples preserved in the laboratory for 18 years. In this measurement, the sensitivity returned to the initial value (0 dB). The key factor determining the sensitivity change is stiffness of the diaphragm and electret potential; the balance, thus, seems to have been maintained. (2) Although the sensitivity level of the sample changed from À1:5 to À2:0 dB after the reliability test in 1976, the present sensitivity was almost the same as the initial value. In the previous study, it was estimated that sensitivity after 18 years averaged À0:5 dB ( ¼ 0:3 dB), compared with the initial value. It is unknown when the sensitivity recovered or how it recovered after the environmental test 18 years previously. It was presumed that the diaphragm loosened, causing the sensitivity to increase. Even after 10 additional years, the sensitivity recovered further from the reliability test. At this time, structural factors (e.g., loosening diaphragm) are presumed to result predominantly from the deterioration of the electret charge. (3) After outdoor use for 13 years, the sensitivity of the ECM in the interphone outdoor unit hardly changed and was almost the same as that of the ECMs preserved in the laboratory for 28 years (1). (4) It was presumed that sensitivity decreased by 3 dB in the ECM used outdoors for 29 years. In our previous study, we discussed a heat acceleration test and long-term sensitivity change. Electric charge decay of the electret foil surface of the ECM was predicted, and it was concluded that 3 dB sensitivity degradation took 60 years in an ECM preserved at room-temperature. If the environmental application factor is presumed to be 2 for severe outdoor conditions, this result was consistent with the result of (3).
Conclusions
(1) Sensitivity change was hardly evident even in a film electret ECM preserved in a laboratory for 28 years. It was verified that sensitivity hardly degraded even when presuming the characteristic of accelerated degradation previously reported and extended to 28 years (10 years after the original 18). (2) The sensitivity of the ECM built in an outdoor interphone hardly changed after 13 years of outdoor use. Results indicated that sensitivity declined by 3 dB with outdoor use for 29 years. Under severe outdoor conditions, if the environmental application factor was presumed to be 2, this result is in agreement with the accelerated degradation characteristics. (3) With a film electret type ECM exposed to the outdoor environment, the product life was influenced by such conditions as high temperatures, rain, and ultraviolet rays. These results verified potential electret degradation and ECM sensitivity change. Diaphragm stiffness variation per hour was presumed but could not be observed. Future analysis of the degradation factors of diaphragm stiffness over a long period of time will require the evaluation of a diaphragm without destroying the ECM and the establishment of an analysis technique.
